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Wires, Cables, Waveguides and Accessories Sectional Committee, LTD 18

NATIONAL FOREWORD This Indian Standard (Part 1) which is identical with IEC 1156 - l(1994) `Multicore and symmetrical pair/quad cables for digital communications - Part 1 : Generic specification' issued by the International Electrotechnical Commission (IEC), was adopted by the Bureau of Indian Standards on the recommendatipn of Wires, Cables, Waveguides and Accessories Sectional Committee (LTD 18) and approval of the Electronics and Telecommunication Division Council. The text of the IEC standard has been approved as suitable for publication as Indian Standard without deviations. Certain conventions are, however, not identical to those used in Indian Standards. Attention is particularly drawn to the following: Wherever the words `International Standard' appear referring to this standard, they should be read as `Indian Standard'. CROSSREFERENCES In this Indian Standard, the following International Standards are referred to. Read in their respective places the following:
International Standard Corresponding Indian Standard Degree of Equivalence

IEC 50 International Electronical Vocabulary (IEV) IEC 68 Environmental testing

IS 1885 Electrotechnical vocabulary IS 9000 Basic environmental testing procedures for electronic and electrical items IS 5026 : 1987 General requirements and tests for radio frequency cables IS 5608 (Part 1) : 1991 LF wires and cables with PVC insulation and PVC sheath: Part 1 General requirements, test and measuring methods IS 9938 : 1981 Recommended colwrs for PVC insulation for LF wires and cables IS 9941 : 1981 Guide to calculation of resistance of plain and tinned copper conductors of lowfrequency cables and wires IS 10810 (Part 59) : 1988 Methods of tests for cables: Part 59 Determination of the amount of halogen acid gas combustion of evolved during polymericmaterialtaken from cables

Technical Equivalent do

IEC 96-l : 1986 Radio-frequency cables - Part 1 : General requirements and measuring methods IEC 189-l : 1986 Low-frequency cables and wires with PVC insulation and PVC sheath - Part 1: General test and measuring methods IEC 304 : 1982 Standard colours for insulation for low-frequency cables and wires. IS 344 : 1980 Guide to the calculation of resistance of plain and coated copper conductors of low-frequency cables and wires IEC 764-l : 1982 Test on gases combustion of evolved during electric cables - Part 1 : Determination of the amount of halogen acid gas evolved during the cumbustion of polymeric materials taken from cables IEC 794-1 : 1993 Optical fibre cables - Part 1 : Generic specification IEC 1034 Measurement of smoke density of electric cables burning under defined conditions

do

do

do

do

do

Identical IS 13882 (Part 1) : 1993 Optical fibre cables: Part 1 Generic specification Technically IS 10810(Part63): lQQ3Methodsoftest Equ+lent for cables : Part 63 Measurement of smoke den&y of electric cables under fire conditions (Continued on third cover)
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Indian Standard

IEC 1156-1 (1994)

MULTICORE AND SYMMETRICAL PAIR/QUAD CABLES FOR DIGITAL COMMUNICATIONS
PART I GENERIC SPECIFICATION
1

General Scope

1.1

This generic specification is a guide to indoor cables which specifies the definitions and requirements of ,multicore, symmetrical pair and quad cables used in digital communication systems such as ISDN, local area networks and data communication systems.

1.2

Normative references

The following normative documents contain provisions which, through reference in this text, constitute provisions of this generic specification. At the time of publication, the editions indicated were valid. All normative documents are subject to revision, and parties to agreements based on this generic specification are encouraged to investigate the possibility of applying the most recent editions of the normative documents indicated below. Members of IEC and IS0 maintain registers of currently valid International Standards.

IEC 28: 1925, international IEC 50, International IEC 68, Environmental IEC 96-l: methods

standard of resistance for copper Vocabulary (IEV)

Electrotechnical testing

1986, Radio-frequency

cables - Part 7: General requirements

and measuring

IEC 189-l : 1986, Low-frequency cables and wires with PVC insulation Part I: General test and measuring methods IEC 304: 1982, Standard colours for insulation for low-frequency

and PVC sheath -

cables and wires

IEC 332-l : 1993, Tests on electric cables under fire conditions vertical insulated wire or cable

- Part 1: Test on a single

IEC 332-2: 1989, Tests vn electric cables under fire conditions - Part 2: Test on a single small vertical insulated copper wire or cable IEC 332-3: 1992, Tests on electric bunched wires or cables cables under fire conditions Part 3: Tests on

IEC 344: 1980, Guide to the calculation of resistance ductors of low-frequency cables and wires

of plain and coated coppe;

con-
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IEC 708-l : 1981, Low-.frequency cables with polyolefin insulation pofyolefin sheath - Part 7: General design details and requirements Amendment No. 3 (1988).

and moisture

barrier

IEC 754-l: 1982, Test on gases evolved during combustion of electric cables - Part 1: Determination of the amount of halogen acid gas evolved during the combustion of polymeric materials taken from cables IEC 794-l : 1993, Optical fibre cables - Part 1: Generic specification IEC 81 l-1-1: 1993, Common test methods for insulating and sheathing materials electric cables - Part 7: Methods for general application - Section 1: Measurement thickness and overall dimensions - Tests for determining the mechanical properties of of

IEC 811-1-2: 1985, Common test methods for insulating and sheathing materials of electric cables - Part 7: Methods for general application - Section Two: Thermal ageing methods IEC 81 l-l-3: 1985, Common test methods for insulating and sheathing materials of electric cables - Part 7: Methods for general application - Section Three: Methods for determining the density - Water absorption tests - Shrinkage test

IEC 81 l-1-4: 1985, Common test methods. for insulating and sheathing materials of electric cables - Part 7: Methods for general application - Section Four: Tests at low temperature IEC 811-3-1: 1985, Common test methods for insulating and sheathing materials of electric cables - Part 3: Methods specific to PVC compounds - Section One: Pressure test at high temperature - Tests for resistance to cracking

IEC 811-4-l: 1985, Common test methods for insulating and sheathing materials of electric cables - fart 4: Methods specific to polyethylene and polypropylene compounds Section One: Resistance to environmental stress cracking - Wrapping test after thermal ageing in air - Measurement of the melt flow index - Carbon black and/or mineral content measurement in PE

IEC 81 l-4-2: 1990, Common test methods for insulating and sheathing materials of electric cables - Part 4: Methods specific to polyethylene and polypropylene compounds Section Two: Elongation at break after preconditioning - Wrapping test afier,preconditioning - Wrapping test after thermal ageing in air - Measurement of mass increase - Longterm stability test (Appendix A) - Test method for copper-catalysed oxidative degradation (Appendix B)

IEC 1034, conditions

Measurement

of smoke

density

of electric

cables

burning

under

defined
9

ISOAEC DIS 11801, Generic cabling for information technology (under consideration) 2
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1997

ITU-T - Compendium of cable measurement methods - Blue Book - Volume 9 - Protection against interference, K. 10: Unbalance about earth of telecommunication lines

1.3

Installation

considerations conditions encountered for each

The cables shall be designed to meet the installation area, see figure A.1, as follows: a) Equipment cables

The cables shall be suitable for use between work stations and peripheral equipment (e.g. printer). The cables shall be flexible and at the same time meet the required transmission characteristics for connection to digital equipment. b) Work area cables The cables shall be suitable for use between the work station and the communication outlets. They shall `be flexible, light weight and of small diameter and at the same time meet the required transmission and mechanical characteristics. C) Horizontal floor wiring cables The cables shall be suitable for use between the work area communication outlet and the communication closet. The cables may be installed in ducts, trunking and in floor and ceiling cavities. The cables shall have acceptable performance d) Riser cables and building back-bone cables under fire hazard conditions.

The cables shall be suitable for horizontal installation or vertically between floors and therefore are designed to have adequate mechanical strength and acceptable performance under fire hazard conditions. e) Campus cables These cables are used to interconnect buildings and shall be suitable for outdoor installation. The cables shall be sheathed and protected in accordance with IEC 708-I.
NOTE - The work area and equipment cables normally require suitable

connectors at one or both ends.

The types of connectors

do not form part of this specification.

2 2.1

Definitions Definitions

and requirements

For the purposes
IEC 50 the following

of this generic specification
definitions apply.

and in addition

to the definitions

given in

2.1 .l

Resistance unbalance unbalance between conductors of a pair or in the same side Of a quad is

The resistance defined as:

AR

(%)

=

(R,,,

-

Rmin)

/ (Rmax

+ `min)

X 100

("`)

`(1)
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where AR is the resistance unbalance; in ohms, for the conductor with the higher resistance value; in ohms, for the conductor with the lower resistance value.

Rmax is the resistance,
Rtnin

is the resistance,

2.1.2

Pair or one side of a quad to earth capacitance unbalance unbalance to earth of a pair or one side of a quad is defined as:

The capacitance

Ace

= C, -

c,

(2)

where A% c,
C2

is the pair to earth capacitance

unbalance; "b" "a"

is the capacitance between conductor "a" and conductor "b" with conductor connected to all other conductors, to the screen and to earth; is the capacitance between conductor "b" and conductor "a" with conductor connected to all other conductors, to the screen and to earth.

2.1.3

Pair or one side of a quad to screen capacitance unbalance unbalance to screen of a pair or one side of a quad is defined as :

The capacitance

AC, = c,, - c,,
where A% C 1s C2s is the pair to screen capacitance unbalance; is the capacitance between conductor a and the screen. The remaining ductors shall be connected to the centre of the balance transformer. is the capacitance between conductor b and the screen. The remaining ductors shall be connected to the centre of the balance transformer.

concon-

2.1.4

Mutual capacitance

of a pair

The mutual capacitance

of a pair (or with respect to the side of a quad) is defined as:

%l =
where Cm C,
C2

(C, + C2) / 2 - cs / 4

is the mutuarcapacitance

for a pair; "b" "a* and

is the capacitance between conductor "a" and conductor "b" with conductor connected to all other conductors, to the screen and to earth; is the capacitance between conductor "b" and conductor "a" with conductor connected to all other conductors, to the screen and to earth; is the capacitance between the conductors of the pair connected all other conductors connected to the screen and to earth. together

C3
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2.1.5

Velocity of propagation as the velocity at which the signal propagates in The velocity of propagation is derived from the knowledge of the velocity of propagation in free 778 km/s. in the cable to the

The velocity of propagation is defined the cable and is expressed in km/s. measurement of velocity ratio and a space. The latter shall be taken as 299

The velocity ratio is defined as the ratio of the velocity of propagation velocity of propagation in free space. 2.1.6 Attenuation

The attenuation for 100 m length of cable where the cable impedance impedance of the test equipment, is defined as: a = (100 IL). 10 log,,
where

is matched to the

(P, / PJ]

(5)

a PI
P2

is the attenuation

constant in dB/lOO m;

is the input power where the load impedance is the source impedance;
is

the output power where the load impedance is the test specimen impedance;

L

is the length of the test specimen in metres.

2.1.7

Unbalance attenuation to the

The unbalance attenuation is defined as the logarithm of the ratio of the longitudinal transverse voltage induced in a pair. It is expressed in decibels. The unbalance attenuation may be determined from: au = 20 log,, (l/T) where the transmission IEC 96-l. unbalance,

(6)

T is obtained in accordance with A.6 of annex A Of

Unbalance attenuation to earth, a, expresses the margin of interference immunity of an installation with respect to electromagnetic fields. The larger the value of a, the greater is the immunity to interference. 2.1.8 Near-end crosstalk loss (NEXT)

Near-end crosstalk loss (NEXT). is defined as:

10 lw,, (P,, / P2N)
where P 1N P2N is the input power of the disturbing pair;

(-1

(7)

is the output power of the disturbed pair at the near end.

5
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2.1.9

Far-end crosstalk loss (FEXT) crosstalk loss (IO FEXT) is defined as:

Input/output

(dW
Equal level crosstalk loss (EL FEXT) is defined as:

(8)

(W
where P 1N P 1F P2F is the input power of the disturbing is the output power of the disturbing pair: pair at the far end;

(9)

is the output power of the disturbed pair under test at the far end.

EL FEXT differs from IO FEXT by the attenuation

of the disturbing

pair.

2.1 .l 0

Power sum (PS) of near-end crosstalk loss

For near-end crosstalk loss the power sum is defined as:
n -0.1a"ii

PSnj = -10 log if;

(10

1

NW

(10)

where a .. nv n
"nj

is the near-end crosstalk loss between pair (or one side of a quad) -j- of the "go" transmission and pair (or one side of a quad) -i- of the "return" transmission; is the number of pairs (or one side of quads) of the "return" transmission;
is the near-end crosstalk loss power sum of pair (or one side of a quad) -j- of the "go" transmission.

2.1.11

Characteristic

impedance

At a given frequency the characteristic imped,ance, 2, is defined as the input impedance of a homogeneous line of infinite length. Z_ is the asymptotic value the characteristic impedante approaches at high frequencies. 2.1 -12 Swrface transfer impedance

The surface transfer impedance, ZT of the screen of an electrically short longitudinally voltage induced in the uniform cable is defined as the quotient of the longitudinal secondary (inner) circuit to the current flowing in the primary (outer) circuit. 2.1 .13 Group propagation delay from a determination of the velocity 07 propa-

The group propagation gation, c'f , as follows: 6

delay is obtained
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Group propagation 2.1.14 Balun delay = 1Og/Vf (ns/km)

(11)

A balun is a BALanced to UNbalanced impedance matching transformer. 2.2 2.2.1 Materials and cable construction General remarks

The choice of materials and cable construction shall be suitable for the intended application and installation of the cable. Particular care shall be taken to meet any special requirements for fire performance (such as burning properties, smoke generation, evolution of acid gas, etc.). 2.2.2 Cable construction given in the

The cable construction shall be in accordance with the details and dimensions relevant detail cable specification. 2.2.3 Conductor

The conductor The properties

shall consist of annealed copper, uniform in quality and free from defects. of the copper shall be in accordance with IEC 28.

The conductor may be either solid or stranded. The solid conductor shall be circular in section and may be plain or metal-coated. Normally the solid conductor shall be drawn in one piece. Joints in the solid conductor are permitted, provided that the tensile strength of a joint is not less than 85 % of the unjointed solid conductor.

The stranded conductor shall consist of strands circular in section and assembled insulation between them by concentric stranding or bunched.
NOTE - A bunched strand is not recommended for IDC (insulation displacement connection)

without

application.

The individual

strands of the conductor may be plain or metal-coated.

Normally, the individual strands shall be drawn in one piece. Joints in individual strands are permitted provided that the tensile strength of a joint is not less than 85 % of the tensile strength of the unjointed individual strand. Joints m the complete stranded conductor are not permitted unless allowed and specified in the relevant detail cable specification. The conductor d.c. resistance and resistance unba!ance, when specified, shall meet the values indicated in the relevant detail cable specification. The maximum conductor d.c. resistance shall be calculated in accordance with.IEC 344. The conductor of working area and equipment cables may consist of one or more elements of thin copper or copper alloy tape which shall be applied spirally over a fibrous thread. The maximum conductor resistance shall be specified in the relevant detail cable specification. Joints in the complete element shall not be permitted.
.
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2.2.4

Insulation materials. The

Conductor insulation shall be composed of one or more suitable dielectric insulation may be solid, cellular or composite (e.g. foam skin).

The insulation shall be continuous, minimum thickness of the insulation specified in 2.2.1.1 of IEC 189-1.

having a thickness as uniform as possible. The shall be measured in accordance with the method

The insulation shall be applied to fit closely to the conductor. The stripping properties of the insulation shall be checked in accordance with the method specified in 3.4 of IEC 189-l. I! shall be possible to strip the insulation from the conductor easily and without damage to the insulation or the conductor. The stripping. properties do not apply to a conductor which consists of one or more elements of thin copper or copper alloy tape applied spirally over a fibrous thread.

When required the insulated conductors shall be cofoured for identification. correspond reasonably with the standard colours shown in IEC 304.

Colours shall

NOTE %- For connectorired

assemblies,

conductor

identification

may not be required

2.2.5

Colour code is given in the relevant detail cable specification.

The colour code for insulation

2.2.6

Cable element

The cable element is: a single insulated conductor, or of two insulated conductors twisted together and designated wire

a pair consisting "a" and wire "b", or

a quad consisting of four insulated conductors twisted together and designated wire "a", wire "c", wire "b" and wire "d" in order of rotation.

The choice of the maximum average length of lay in the finished cable shall be made with respect to the specified crosstalk requirements, handling performance and the pair Or quad integrity.
NOTE - Forming the element with a variable lay can lead to the infrequent but acceptable occurrence of

the maximum

lay being longer than that which may be specified.

2.2.7

Screening of the cable element

If a screen is required over the pair or quad, it may consist of the following:

a) an aluminium tape laminated to a plastic tape;
8
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1156-l

(1994)

b) an aluminium tape laminated to a plastic tape and a metal-coated drain wire whereby the metal tape is in contact with the drain wire;
c) plain or metal-coated copper braid; to a plastic tape and a metal-coated

or plain

copper

d) an aluminium braid. Care should be taken

tape laminated

or plain

copper

putting dissimilar metals in contact with each other. Coatings or other methods of protection may be necessary to prevent galvanic interaction.
when

A protective 2.2.8

wrapping

may be applied

under or/and

over the screen.

Cable make-up The cable

The cable elements may be laid up in concentric layers or in unit construction. core may be protected by wrappings of a non-hygroscopic tape.

NOTE - Fillers may be used to maintain a circular formation.

2.2.9

Screening of the cable core

The cable core may be screened by: a) an alu'minium tape laminated to a plastic tape which is bonded to the sheath; b) an aluminium tape laminated to a plastic tape and a metal-coated drain wire whereby the metal tape is in contact with the drain wire; C) plain or metal-coated copper braid; d) an aluminium braid; tape laminated to a plastic tape and a metal-coated or plain copper or plain copper

e) plain copper or aluminium tape. Care should be taken when putting dissimilar metals in contact with each other. Coatings or other methods of protection may be necessary to prevent galvanic interaction.

A protective wrapping may be applied under or/and over the screen. 2.2.10 Sheath shall

The sheath shall have adequate'mechanical strength and elasticity. These properties stay sufficiently constant during normal use.

The sheath shall be continuous, having a thickness as uniform as possible. The minimum thickness of the sheath shall be determined in accordance with the method specified in 2.2.1.2 of IEC 189-1. * The sheath shall be applied to lit closely to the core of the cable. In the case of screened cables, the sheath shall not adhere to the screen except when it is intentionally bonded to it. 9
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Colourofsheath

The colour of the sheath may be specified in the relevant detail cable specification.

2.2.12 2.2.12.1

Identification Cable marking and, when required, the year

Each length of cable shall bear the name of the manufacturer of manufacture, using one of the following methods: a) coloured threads or tapes; b) printed tape; c) printing on the core wrappings;

d) marking on the sheath. Additional markings cable specification. 2.2.1.2.2 Labelling may be required on the sheath as indicated in the relevant detail

Information shall be given either on a label attached to each length of finished cable, or on the outside of the product packaging, as follows: a) type of cable; b) manufacturer's name or logo;

c) year of manufacture; d) length of cable in metres.

2.2.13

Finished cable protected for storage and shipment.

The finished cable shall be adequately

3 3.1

Test methods General remarks specified, all tests shall be carried out under the conditions specified in

Unless otherwise IEC 68. 3.1 .I

Unscreened cab/e

The parameters of mutual capacitance and attenuation sometimes show measured values up to 10 % higher when the cable is measured in its packaging. This difference arises due to the tight packaging density and inter-winding effects. In case of doubt, the measurements of mutual capacitance, characteristic impedance, attenuation and crosstalk shall be performed on a cable sample removed from its pakkaging.

10

IS 14493 ( Part 1) : 1997 IEC 1156-l (1994)
Typical test configurations may be with the test specimen: surface at least 25 mm from a conductive such that there is a minimum surface; of 25 mm

a) laid out on a non-metallic b) supported in aerial between convolutions;

spans

separation

c) wound as a single open helix on a metal drum with at least 25 mm between turns.

3.2 3.2.1

Electrical tests Conductor resistance of the conductor resis!ance shall be carried out in accordance with 5.1

The measurement of IEC 189-1. 3.2.2

Resistance unbalance

The method of measurement of the resistance unbalance and the accuracy of the measurement equipment shall be in accordance with clause 24, amendment 3 of IEC 708-l.

3.2.3

Dielectric strength with 5.2 of

The measurement of dielectric strength shall be carried out in accordance IEC 189-l for conductor/conductor, conductor/screen and screen/screen.
NOTE - A test for the dielectric strength of the sheath is given in IEC 96-l.

3.2.4

Insulation resistance

The measurement of the insulation resistance between conductor/conductor, conductor/ screen and screen/screen shall be carried out in accordance with 5.3 of IEC 189-l. The test voltage shall be between 100 V and 500 V d.c. unless otherwise specified in the detail cable specification. 3.2.5 Mutual capacitance of pairs in a multipair or quad cable shall be

The measurement of the mutual capacitance in accordance with 5.4 of IEC 189-1. 3.2.6 Capacitance unbalance

The measurement of the capacitance unbalance in a multipair or quad cable shall be in accordance with 5.5 of IEC 189-l. The conductors of the pairs or quads not under test shall be connected together and to the screen, if any. If the cable under test has a length, corrected: for pair-to-pair and side-to-side l/2 L other than 500 m the measured value shall be

by dividing by: [L / 500 + (L / 5ooy*
] iw

11

IS 14493 ( Part 1 ) : 1997 IEC 1156-1 (1994)

-

for pair-to-earth

and side-to-earth

the measured

value

shall be divided

by: (13)

L I 500 where L is the length of cable under test in metres. 3.2.7 Transfer impedance of the transfer impedance'shall

The measurement of IEC 96-l. For individually 3.3 3.3.1

be in accordance with either 7.1 or 7.2

screened pairs it is only necessary to measure one pair.

Transmission rests Group velocity of propagation

The group velocity of propagation shall be determined at the frequency indicated in the detail cable specification. When the frequency is not specified, the frequency at which the characteristic impedance is measured shall be used. The measurement is carried out in a balanced condition using baluns to connect the cable to the equipment or Using a balanced impedance test set according to the open- and short-circuit method (see annex 6).

In the first case the measurement is carried out evaluating the frequency interval. A, for which the phase of the output signal makes a 2x radians rotation in comparison with the input signal. The measurement may be performed either by a transmission or by a reflection technique. In the latter case, the far end of the cable is open-circuit. The velocity of propagation for transmission is expressed: as: V, = L . A,
-

.

measurements,

(14)

and, for reflection measurements,

as: t'f = 2 L ' Ar (15)

where

L A,
Vf

is the length of the cable under test, in metres; is the frequency interval, in kilohertz;

is in kilometers/second.
for n rotatiOnS

In order to evaluate Af with sufficient accuracy, the frequency difference A,, of 21~radians may be measured as:
A, = At, / n

(16)

where n 5 10. In the transmission measurement technique, it is necessary to select the baluns to match the impedance of the test equipment .to the cable nominal impedance at the test frequency.

12
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3.3.2

Attenuation

The attenuation is determined at the frequency or in the frequency detail cable specification.
The measurement technique

interval indicated in the

chosen shall provide an accuracy of k5 %.

The measurement shall be carried out in a balanced condition. In the case of unbalanced measuring test equipment, both ends of the pair shall be connected to the test equipment by means of baluns. The baluns shall be selected to match the test equipment to the cable nominal impedance at the test frequency. It is advisable to compensate for the residual mismatch of the baluns by first calibrating the system with the baluns connected to a short length (I1 m) of the cable to be tested.

The measurements are made at ambient frequencies above 1 MHz as follows:

temperature

and are corrected

to 20 "C for

azo = aT / (1 + 0.002

(T - 20))

(dB)

(17)

where
aT

is the measured attenuation, is the ambient temperature, is the attenuation,

in decibels; in degrees Celsius;

T
a2o

in decibels, corrected to 20 "C.

Measured values are corrected to a standard length of 100 m, or as specified in the detail cable specification, using a direct variation with length.
NOTE - The above correction temperature coefficient. is only applicable for insulating materials with a

dielectric having 8 fOW

3.3.3

UnbalimCe

attenuation

The unbalance

attenuation

in dB may be determined from:

20 loqo (l/T)
where the transmission IEC 96-l. The unbalance attenuation mendation KlO. unbalance shown in figure A.2. Unbalance attenuation unbalance,

WW

(6)

T is obtained in .accordance with A.6 of annex A of

may also be determined in accordance with ITU-T recomabout earth of telecommunication lines. The test set-up is

to earth, a, is derived from:

a" = 2o log,0 &, ' `4

(in dB)

(18!

13
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3.3.4

Near-end crosstalk

The near-end crosstalk loss is measured using a sweep generator ana selective receiver at the frequency or in the frequency intervals indicated in the detail cable specification.

The measurement shall be carried out in a balanced condition connecting both pairs to the test equipment by means of baluns. The baluns shall be selected to match the test equipment to the cable nominal impedance at the test frequency. It is recommended that the baluns are shielded by means of copper tapes or tubes. Pair and/or cable screens and balun screens shall be earthed at the receiver end.

Both pairs under test shall be terminated in their nominal characteristic impedance and the remainder of the pairs may be left unterminated. Precautions shall be taken to minimize end effect couplings. When the cable sheath is removed the pairs shall maintain their twist and shall be well separated. Measurement shall be carried out on a length of at least 100 m. For lengths 100 m and 500 m the measured values shall be corrected as follows:
N, = N,, - 10 log,, [ (1 - e4arx) I(1

between

- e4=ro) ]

(dB/500 m)

(19)

where N N: a `x `0 is the near-end crosstalk (dB/500 m); is the near-end crosstalk (dB/cable length); is the attenuation of the cable length (dB/m);

is the 500 m reference length; is the cable length (m). is required.

For lengths greater than 500 m, no correction 3.3.5 Far-end crosstalk

The far-end crosstalk loss shall be determined at the frequency or in the frequency intervals indicated in the detail cable specification, by means of a sweep generator and selective receiver. The measurement shall be carried out in a balanced condition connecting both pairs to the test equipment by means of baluns. The baluns shall be selected to match the test equipment to the cable nominal impedance at the test frequency. It is recommended that the baluns are shielded by means of copper tapes or tubes. Pair and/or cable screens and balun screens shall be earthed at the receiver end.

All pairs in the cable shall be terminated in their nominal characteristic impedance. Precautions shall be taken to minimize end effect couplings. When the cable sheath is removed, the pairs shall maintain their twist and shall be well separated.

14
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Measurement shall be carried out on a length of at least 100 m. Measured IO FEXT and EL FEXT shall be corrected to a standard of 500 m as follows:

values

of

IO FEXT = IO FEXTo + 10 log,,

(1J500)

+ o. (1 - 1J500) (1J500)

(20) (21)

EL FEXT = EL FEXTo + 10 log,, where FEXTO is the measured `0 a FEXT is the length far-end crosstalk (dB);

of the cable under test (m); (dB/km); (dB) corrected to 500 m.

is the attenuation is the far-end

crosstalk

3.3.6

Characteristic

impedance
such shall

3.3.6.1 The characteristic impedance can be determined by a variety of methods, as a network analyzer, vector voltmeter or impedance bridge. The method selected have an accuracy of f2 %.

The measurement shall be carried out in a balanced condition connecting the pair end to the test equipment using a balun where applicable. Pairs not under test should be earthed at the receiver end.

The characteristic derived as follows:

impedance,

Z,, is the geometric

mean of the input

impedances

and is

Zc= (z(short) qopen)"*

(22)

3.3.6.2 When using a network analyzer, the reflection coefficients <(short) and c(open) are measured. The c(short) is the input reflection coefficient measured with the far end of the pair short-circuited. The [(open) is the input reflection coefficient measured with the far end open-circuited. From these, the input impedances can be derived as follows:

(23) and where Z,., is the output Z (open) = Zb I(1 + <(open)) impedance of the balanced / (1 -

&wenNl
in ohm.

(24)

side of the balun

Except in the case of an impedance mended for calibration to compensate annex A.

bridge, a scattering parameter for the mismatch of the balun.

technique is recomThis is described in

3.3.6.3 When using a vector voltmeter, voltage and current are measured (modulus, phase) in the two configurations of open- and short-circuit. The characteristic impedance Z, is then calculated from the input impedances Z~shortJ and Z(openI according to equation (22) 15

IS 14493 ( Part 1) : 1997 IEC 1156-l (1994)

3.3.6.4 Except in the case of an impedance recommended for the calibration to compensate

bridge a scattering parameter technique for the mismatch of the balun.

IS

For network

analyzers

the method

is described

in annex

A

For vector voltmeters the circuit is successively reference position of the measurement is then under test. For an impedance bridge the method

open, shorted and terminated in 50 12. The located at the connecting points of the pair

of measurement

is described

in annex

B.
low

NOTE - The mean characteristic

impedance

is only valid if the return loss IS sufficiently

3.4 3.4.1

Mechanical and dimensional Measurement of dimensions

measurement

tests

The measurement of thickness clause 8 of IEC 81 l-l-l.

and

diameter

shall

be carried

out

in accordance

with

3.4.2

Elongation at break of the conductor
of measuring the elongation at break of the conductor is specified in 3.3 of

The method IEC 189-1.

3.4.3

Tensile srrengrh of the insulation
of the tensile strength of the insulation is specified in 9.1.7 of IEC

The measurement 817-1-l. 3.4.4

Elongation at break of the sheath
of measuring the elongation at break of the sheath is specified in 9.2.7 of

The method IEC 811-1-1. 3.4.5

Tensile strength of the shearh
of measuring the tensile strength of the sheath is specified in 9.2.7 of IEC

The method 811-1-1. 3.4.6

Crush lest of the cable
of measuring the crush resistance of the cable is specified in 3.5 of IEC 794-l

The method

3.4.7

Impact test of the cable the impact resistance
of the cable is specified in 8.5 of IEC 81 l-l `I of the cable to repeated bending is specified in
-4.

The method of measuring

3.4.8

Repeated bending of the cable
the resistance

The method of measuring 3.8 of IEC 794-l. 16
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3.4.9

Tensile performance of measuring

of the cable the tensile performance of the cable is specified in 3.3 Of

The method IEC 794-l 3.5 3.5.1

Environmental Shrinkage

tests of fhe insulation the shrinkage of the insulation is specified in clause 10 Of

The method IEC 81 l-l-3. 3.5.2

of measuring

Wrapping

rest of the insulation the

after thermal

ageing of the insulation is specified in

The method of measuring clause 10 of IEC 81 l-4-2. 3.5.3 Bending

ageing

performance

rest of the insulation

at low temperature is specified in 8.1 of IEC 81 l-l-4.

The method of measuring 3.5.4 Elongation

the cold bend test performance

at break of the sheath after ageing

Samples of sheath are prepared and tested in accordance with 9.2 of IEC 81 l-1 -1 after ageing, in accordance with 8.1 of IEC 81 l-1-2. for a time and temperature specified in the relevant detail cable specification. 3.5.5 Tensile strength of the sheath

after ageing

Samples of sheath are prepared and tested in accordance with 9.2 of IEC 811-1-1 after ageing. in accordance with 8.1 of IEC 81 l-l -2. for a time and temperature specified in the relevant detail cable specification. 3.5.6 Sheath pressure of measuring rest a? high temperature the sheath pressure test is specified in 8.2 of IEC 811-3-l.

The method 3.5.7

Cold bend test of the cable
the cold bend test performance is specified in 8.2 of IEC 81 l-l -4.

The method of measuring

3.5.8

Heat shock test of measuring the heat shock test is specified in 9.2 of IEC 811-3-1.

The method

3.5.9

Flame propagation

characteristics

of a single cable

The method of measuring the burning performance of a single cable is specified in IEC 332-l. When this method is not suitable because a small conductor may melt under the application of the flame, the cable shall be tested in accordance with IEC 332-2.

17
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3.5.10

Flame

propagation

characteristics the burning

of bunched performance

cables of bunched cables is specified in

The method IEC 332-3. 3.5.11

of measuring

Halogen

gas evolution the evolution of halogen gas is specified in IEC 754-l.

The method 3.5.12

of measuring generation

Smoke

The method 3.5;13

of measuring

the amount

of smoke generated

is specified

in IEC 1034.

Toxic gas emission

Under consideration. 3.5.14 Combined flame and smoke test for cables in environmental air handling spaces

Under consideration.

18
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Annex A
(informative)

Calibration of the impedance test set-up by means of scattering parameters*

The test method employs scattering parameters and requires that the test set-up components behave linearly over the measurement frequency range. A.1 Theory as follows:

A two-port network may be represented

where
`li `2i

is the square root of the power wave entering port 1; is the square root of the power wave entering port 2; is the square root of the power wave reflected from port 1; is the square root of the power wave reflected from port 2.

Vlr
V
2r

The following

equations

may be written:
V,, = S,, X

v,i + S,2 x v2i
' `Ii

(A.11 (A-2)

V2r = s22 ' `21 + `21

where S 11 S 12 S 22 S21 A.2 is defined as the input reflection coefficient: is defined as the reverse transmission coefficient;

is defined as the output reflection coefficient; is defined as the forward transmission coefficient.

Application by measuring at each frequency the

The test set-up (balun included) is characterized following three reflection coefficients:

Derived from `Measurement of the characteristic impedance R. Benton Hobgood, Proceedings of the 32nd parameters' (1983).

of balanced International

twlsted pairs using scettermg Wire and Cable Symposium

19
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Wal-w)
c(bal.-sh)

which is the reflection of the balun open; which is the reflection put of the balun which output reflection

coefficient coefficient

measured measured

leaving shorting

the balanced the balanced

output out-

Ubal.

Zb)

is the reflection coefficient measured terminating of the balun in its nominal impedance fl % (Z,,). the scattering parameters can be calculated

the balanced

From these

coefficients

as follows:

S,,

= <(bal. Zb) - c(bal-op)

(A.3)

2 x c(bal. Zb) - r(bal-sh) S 22 =

(A.4) c(bal-sh) - c(bal-op)

S 12

x S2l

=

[((bal.

Zb).-

<(bal-sh)]

x

(1 + S,,)

(A-5)

The equations (A.3), (A.4) and (A.5) characterize the test set-up at each frequency. lt is then possible, in the determination of the characteristic impedance given in 3.3.6, to correct the values of the reflection coefficients measured on a pair with the far end open circuited, c(open) and with the far end short circuited, c(short) as follows:

USN c(actual-sh) = S22 [ WV

s,,

(A.6)

- S,, I + S,, x S2,

<(op) - S,, &actual-op) = S22 [ Uop) (A.7)

S, , 1 + s,2 x s,,

where c(actual-sh) and <(actual-op) are the corrected coefficients; are the set-up. scattering values of the measured pair reflection the
test

SW

S22

and

32

x S2l

parameters

characterizing

The corrected values <(actual-sh) and <(actual-op) are then introduced and (23) in 3.3.6 in order to determine the characteristic impedance, (22).

into equations (22) Z,, from equation

20
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Work area

Equipment cables

Riser cables

Figure A.1 - Lay-out of cables

01 Item under test --Q 1' w

z,.,z,=120sz

ZL, =30R

NOTE - Measurements are normally made and limits specified with switch S closed.

Figure A.2 -

Test set-up for the measurement of unbalance of telecommunication Installations

attenuation
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Annex B (informative) "Open/short-circuit" method

For the measurement of the characteristic impedance of a cable the openlshortcircuit method can be applied, especially in the frequency range up to 1 MHz. An impedance measuring set with an accuracy of k2 % is recommended. The measurement is carried out at the relevant frequency by connecting the pair (or one side of the quad) at one end through a balun to the test set. At the other end the conductors should be isolated (open-circuited) or short-circuited.

In the open-circuited

condition:

In the short-circuited

condition Z
& =

R,

PK

(B-2)

The modulus of the characteristic

impedance is:

lzl = [ RL x q(p2
Arg lZl = l/2 (YL + Vk) The attenuation constant is derived from:

(22)
(B-3)

8,686 a=21 xarctanh

x cos

[1/2 (OK - a`) ]

@mm)

(B-4)

l-

L

where I is the length of the cable under measurement

(km).

The propagation

constant

is derived from:

L
arctan h 22

22
Y

I-m

RK
L

R,

II/2 Ob, x sin . , - 0,)

]

'

RK

t?,
L

II
+nxlt

(rad/km)

(8.4)

IS 14493 (Part 1) : 1997 IEC 1156-l (1994) As the function arctan is ambiguous the value of n has to be determined. following formula gives, in most cases, the exact value of n: n = integer [ I (l/z) (b -. 2dZC3/500) I + 0,2 ] where f
Z

In practice the

(B-6)

is the frequency

(MHz); impedance of the test specimen (n); of the test specimen (nF). 2
RK'

is the characteristic

c3

is the mutual capacitance

g =

arctan

II1 _-

3
x

sin [l/2

(aK - rbL) ]

UK RL

1

(B-7)

The phase velocity is derived from:
v=2nf/P

(B.8)
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fromsecond cover)

The concerned technical committee has reviewed the provisions of the following standards referred in this adopted standard and has decided that these are acceptable for use in conjunction with this standard: IEC 28 : 1925 International standard of resistance for copper IEC 332-l : 1993 Tests on electric cables under fire conditions insulated wire or cable IS 332-2 : 1989 Test on electric cables under fire conditions vertical insulated copper wire or cable Part 1: Test on a single vertical

Part 2 : Test on a single small

IS 332-3 : 1992 Tests on electric cables under fire conditions -- Part 3 : Tests on bunched wires or cables IEC 708-l : 1981 Low-frequency cables with polyolefin insulation and moisture barrier polyolefin sheath - Pan 1 : General design details and requirements with Amendment No. 3 (1988) IEC 81 l-l -1 : 1993 Common test methods of insulating and sheathing materials of electric cables - Part 1 : Methods for general application-Section 1 : Measurement of thickness and overall dimensions - Tests for determining the mechanical properties IEC 811-l -2 : 1985 Common test methods for insulating and sheathing materials of electric cables - Part 1 : Methods for general application - Section 2 : Thermal ageing methods IEC 81 l-1 -3 : 1985 Common test methods for insulating and sheathing materials of electric cables - Part 1 : Methods for general application - Section 3 : Methods for determining the density Water absorption tests - Shrinkage test IEC 81 l-l -4 : 1985 Common test methods for insulating and sheathing materials of electric cables - Part 1 : Methods for general application - Section 4 : Tests at low temperature IEC 811-3-I : 1985 Common test methods for insulating and sheathing materials of electric cables - Part 3 : Methods specific to PVC compound - Section 1 : Pressure test at high temperature - Tests for resistance to cracking IEC 811-4-l : 1985.Common test methods for insulating and sheathing materials of electric cables - Part 4 : Methods specific to polyethylene and polypropylene compounds - Section 1: Resistance to ennvironmental stress cracking - Wrapping test after thermal ageing in air Measurement of the melt flow index - Carbon black and/or mineral content measurement in PE IEC 81 l-4-2 : 1990 Common test methods for insulating and sheathing materials of electric cables - Part 4 : Methods specific to polyethylene and polypropylene compounds - Section 2 : Elongation at break after preconditioning - Wrapping test after preconditioning-Wrapping test after thermal ageing in air - Measurement of mass increase - Long-term stability test (Appendix A) - Test method for copper-catalysed oxidative degradation (Appendix B) Only the English language text in the International Standard has been retained while adopting it in this Indian Standard.
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